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(57) ABSTRACT 

This invention provides methods of obtaining novel poly 
nucleotides and encoded polypeptides by the use of non 
stochastic methods of directed evolution (DirectEvolu 
tionTM). A particular advantage of end-selection-based 
methods is the ability to recover full-length polynucleotides 
from a library of progeny molecules generated by mutagen 
esis methods. These methods include non-stochastic poly 
nucleotide site-saturation mutagenesis (Gene Site Saturation 
MutagenesisTM) and non-stochastic polynucleotide reassem 
bly (GeneReassemblyTM). This invention provides methods 
of obtaining novel enZymes that have optimized physical 
&/or biological properties. Through use of the claimed 
methods, genetic vaccines, enZymes, small molecules, and 
other desirable molecules can be evolved toWards desirable 

properties. For example, vaccine vectors, can be obtained 
that exhibit increased ef?cacy for use as genetic vaccines. 
Vectors obtained by using the methods can have, for 
example, enhanced antigen expression, increased uptake 
into a cell, increased stability in a cell, ability to tailor an 
immune response, and the like. Furthermore, this invention 
provides methods of obtaining a variety of novel biologi 
cally active molecules, in the ?elds of antibiotics, pharma 
cotherapeutics, and transgenic traits. 
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END SELECTION IN DIRECTED EVOLUTION 

[0001] The present application is a continuation applica 
tion of prior US. application Ser. No. 09/522,289, ?led Mar. 
9, 2000; Which is a continuation-in-part of US. patent 
application Ser. No. 09/498,557, ?led Feb. 4, 2000 (entitled 
Non-Stochastic Generation of Genetic Vaccines and 
EnZyrnes), Which is hereby incorporated by reference; Which 
is a continuation-in-part of US. patent application Ser. No. 
09/495,052, ?led Jan. 31, 2000 (entitled Non-Stochastic 
Generation of Genetic Vaccines), Which is hereby incorpo 
rated by reference; Which is a continuation-in-part of US. 
patent application Ser. No. 09/332,835 (entitled Synthetic 
Ligation Reassernbly in Directed Evolution), Which is 
hereby incorporated by reference; Which is a continuation 
in-part of US. patent application Ser. No. 09/276,860, ?led 
on Mar. 26, 1999 (entitled EXonuclease-Mediated Gene 
Assembly in Directed Evolution), Which is hereby incorpo 
rated by reference, Which is a continuation-in-part of US. 
patent application Ser. No. 09/267,118, ?led on Mar. 9, 1999 
(entitled End Selection in Directed Evolution), Which is 
hereby incorporated by reference, Which is a continuation-in 
part of US. patent application Ser. No. 09/246,178, ?led 
Feb. 4, 1999 (entitled Saturation Mutagenesis in Directed 
Evolution), Which is hereby incorporated by reference; 
Which is a continuation-in part of US. patent application 
Ser. No. 09/185,373 ?led on Nov. 3, 1998 (entitled Directed 
Evolution of Therrnophilic EnZyrnes), Which is hereby 
incorporated by reference; Which is a continuation of US. 
patent application Ser. No. 08/760,489 ?led on Dec. 5, 1996 
(entitled Directed Evolution of Therrnophilic EnZyrnes, now 
US. Pat. No 5,830,696), Which is hereby incorporated by 
reference; Which is a continuation-in-part of US. provi 
sional application No. 60/008,311 ?led on Dec. 7, 1995, the 
disclosures of Which are hereby incorporated by reference in 
their entirety. 

FIELD OF THE INVENTION 

[0002] This invention relates to the ?eld of protein engi 
neering. More speci?cally, this relates to a directed evolu 
tion method for preparing a polynucleotides encoding 
polypeptide, which method comprises the step of generating 
site-directed rnutagenesis optionally in combination With the 
step of polynucleotide chirneriZation, the step of selecting 
for potentially desirable progeny molecules, including by a 
process terrned end-selection (Which may then be screened 
further), and the step of screening the polynucleotides for the 
production of polypeptide(s) having a useful property. 

[0003] In a particular aspect, the present invention is 
relevant to enZyrnes, particularly to therrnostable enzymes, 
and to their generation by directed evolution. More particu 
larly, the present invention relates to therrnostable enzymes 
which are stable at high temperature and Which have 
improved activity at lower temperatures. 

BACKGROUND 

[0004] Harvesting the full potential of nature’s diversity 
can include both the step of discovery and the step of 
optimizing What is discovered. For example, the step of 
discovery alloWs one to mine biological molecules that have 
industrial utility. HoWever, for certain industrial needs, it is 
advantageous to further modify these enzymes experimen 
tally to achieve properties beyond What natural evolution has 
provided and is likely to provide in the near future. 
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[0005] The process, terrned directed evolution, of experi 
mentally modifying a biological rnolecule toWards a desir 
able property, can be achieved by rnutageniZing one or more 
parental rnolecular templates and identifying any desirable 
rnolecules among the progeny rnolecules. HoWever, cur 
rently available technologies used in directed evolution have 
several shortfalls. Among these shortfalls are: 

[0006] 1) Site-directed rnutagenesis technologies, 
such as sloppy or loW-?delity PCR, are ineffective 
for systernatically achieving at each position (site) 
along a polypeptide sequence the full (saturated) 
range of possible rnutations (i.e. all possible amino 
acid substitutions). 

[0007] 2) There is no relatively easy systernatic 
means for rapidly analyZing the large amount of 
information that can be contained in a molecular 
sequence and in the potentially colossal number or 
progeny molecules that could be conceivably 
obtained by the directed evolution of one or more 
rnolecular ternplates. 

[0008] 3) There is no relatively easy systernatic 
means for providing comprehensive ernpirical infor 
rnation relating structure to function for molecular 
positions. 

[0009] 4) There is no easy systernatic means for 
incorporating internal controls in certain rnutagen 
esis (e.g. chirneriZation) procedures. 

[0010] 5) There is no easy systernatic means to select 
for speci?c progeny molecules, such as full-length 
chirneras, from among srnaller partial sequences. 

[0011] Molecular rnutagenesis occurs in nature and has 
resulted in the generation of a Wealth of biological corn 
pounds that have shoWn utility in certain industrial applica 
tions. HoWever, evolution in nature often selects for molecu 
lar properties that are discordant With many unrnet industrial 
needs. Additionally, it is often the case that When industrially 
useful rnutations Would otherWise be favored at the molecu 
lar level, natural evolution often overrides the positive 
selection of such rnutations When there is a concurrent 
detriment to an organism as a Whole (such as When a 
favorable mutation is accompanied by a detrimental rnuta 
tion). Additionally still, natural evolution is sloW, and places 
high emphasis on ?delity in replication. Finally, natural 
evolution prefers a path paved mainly by bene?cial rnuta 
tions While tending to avoid a plurality of successive nega 
tive rnutations, even though such negative rnutations may 
prove bene?cial When combined, or may lead—through a 
circuitous route—to a ?nal state that is bene?cial. 

[0012] Directed evolution, on the other hand, can be 
performed much more rapidly and aimed directly at evolv 
ing a molecular property that is industrially desirable Where 
nature does not provide one. 

[0013] An exceedingly large number of possibilities eXist 
for purposeful and random combinations of amino acids 
Within a protein to produce useful hybrid proteins and their 
corresponding biological molecules encoding for these 
hybrid proteins, i.e., DNA, RNA. Accordingly, there is a 
need to produce and screen a Wide variety of such hybrid 
proteins for a desirable utility, particularly Widely varying 
randorn proteins. 
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[0014] The complexity of an active sequence of a biologi 
cal macromolecule (e.g., polynucleotides, polypeptides, and 
molecules that are comprised of both polynucleotide and 
polypeptide sequences) has been called its information con 
tent (“IC”), Which has been de?ned as the resistance of the 
active protein to amino acid sequence variation (calculated 
from the minimum number of invariable amino acids (bits) 
required to describe a family of related sequences With the 
same function). Proteins that are more sensitive to random 
mutagenesis have a high information content. 

[0015] Molecular biology developments, such as molecu 
lar libraries, have alloWed the identi?cation of quite a large 
number of variable bases, and even provide Ways to select 
functional sequences from random libraries. In such librar 
ies, most residues can be varied (although typically not all 
at the same time) depending on compensating changes in the 
context. Thus, While a, 100 amino acid protein can contain 
only 2,000 different mutations, 20100 sequence combina 
tions are possible. 

[0016] Information density is the IC per unit length of a 
sequence. Active sites of enZymes tend to have a high 
information density. By contrast, ?exible linkers of infor 
mation in enZymes have a loW information density. 

[0017] Current methods in Widespread use for creating 
alternative proteins in a library format are error-prone poly 
merase chain reactions and cassette mutagenesis, in Which 
the speci?c region to be optimiZed is replaced With a 
synthetically mutageniZed oligonucleotide. In both cases, a 
substantial number of mutant sites are generated around 
certain sites in the original sequence. 

[0018] Error-prone PCR uses loW-?delity polymeriZation 
conditions to introduce a loW level of point mutations 
randomly over a long sequence. In a mixture of fragments of 
unknoWn sequence, error-prone PCR can be used to 
mutageniZe the mixture. The published error-prone PCR 
protocols suffer from a loW processivity of the polymerase. 
Therefore, the protocol is unable to result in the random 
mutagenesis of an average-siZed gene. This inability limits 
the practical application of error-prone PCR. Some com 
puter simulations have suggested that point mutagenesis 
alone may often be too gradual to alloW the large-scale block 
changes that are required for continued and dramatic 
sequence evolution. Further, the published error-prone PCR 
protocols do not alloW for ampli?cation of DNA fragments 
greater than 0.5 to 1.0 kb, limiting their practical application. 
In addition, repeated cycles of error-prone PCR can lead to 
an accumulation of neutral mutations With undesired results, 
such as affecting a protein’s immunogenicity but not its 
binding af?nity. 

[0019] In oligonucleotide-directed mutagenesis, a short 
sequence is replaced With a synthetically mutageniZed oli 
gonucleotide. This approach does not generate combinations 
of distant mutations and is thus not combinatorial. The 
limited library siZe relative to the vast sequence length 
means that many rounds of selection are unavoidable for 
protein optimiZation. Mutagenesis, With synthetic oligo 
nucleotides requires sequencing of individual clones after 
each selection round folloWed by grouping them into fami 
lies, arbitrarily choosing a single family, and reducing it to 
a consensus motif. Such motif is resynthesiZed and rein 
serted into a single gene folloWed by additional selection. 
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This step process constitutes a statistical bottleneck, is labor 
intensive, and is not practical for many rounds of mutagen 
esis. 

[0020] Error-prone PCR and oligonucleotide-directed 
mutagenesis are thus useful for single cycles of sequence 
?ne tuning, but rapidly become too limiting When they are 
applied for multiple cycles. 

[0021] Another limitation of error-prone PCR is that the 
rate of doWn-mutations groWs With the information content 
of the sequence. As the information content, library siZe, and 
mutagenesis rate increase, the balance of doWn-mutations to 
up-mutations Will statistically prevent the selection of fur 
ther improvements (statistical ceiling). 

[0022] In cassette mutagenesis, a sequence block of a 
single template is typically replaced by a (partially) random 
iZed sequence. Therefore, the maximum information content 
that can be obtained is statistically limited by the number of 
random sequences (i.e., library siZe). This eliminates other 
sequence families Which are not currently best, but Which 
may have greater long term potential. 

[0023] Also, mutagenesis With synthetic oligonucleotides 
requires sequencing of individual clones after each selection 
round. Thus, such an approach is tedious and impractical for 
many rounds of mutagenesis. 

[0024] Thus, error-prone PCR and cassette mutagenesis 
are best suited, and have been Widely used, for ?ne-tuning 
areas of comparatively loW information content. One appar 
ent exception is the selection of an RNA ligase riboZyme 
from a random library using many rounds of ampli?cation 
by error-prone PCR and selection. 

[0025] In nature, the evolution of most organisms occurs 
by natural selection and sexual reproduction. Sexual repro 
duction ensures mixing and combining of the genes in the 
offspring of the selected individuals. During meiosis, 
homologous chromosomes from the parents line up With one 
another and cross-over part Way along their length, thus 
randomly sWapping genetic material. Such sWapping or 
shuf?ing of the DNA alloWs organisms to evolve more 
rapidly. 

[0026] In recombination, because the inserted sequences 
Were of proven utility in a homologous environment, the 
inserted sequences are likely to still have substantial infor 
mation content once they are inserted into the neW sequence. 

[0027] The term Applied Molecular Evolution (“AME”) 
means the application of an evolutionary design algorithm to 
a speci?c, useful goal. While many different library formats 
for AME have been reported for polynucleotides, peptides 
and proteins (phage, lacI and polysomes), none of these 
formats have provided for recombination by random cross 
overs to deliberately create a combinatorial library. 

[0028] Theoretically there are 2,000 different single 
mutants of a 100 amino acid protein. HoWever, a protein of 
100 amino acids has 20100 possible sequence combinations, 
a number Which is too large to exhaustively explore by 
conventional methods. It Would be advantageous to develop 
a system Which Would alloW generation and screening of all 
of these possible combination mutations. 

[0029] Some Workers in the art have utiliZed an in vivo site 
speci?c recombination system to generate hybrids of com 
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bine light chain antibody genes With heavy chain antibody 
genes for expression in a phage system. However, their 
system relies on speci?c sites of recombination and is 
limited accordingly. Simultaneous mutagenesis of antibody 
CDR regions in single chain antibodies (scFv) by overlap 
ping extension and PCR have been reported. 

[0030] Others have described a method for generating a 
large population of multiple hybrids using random in vivo 
recombination. This method requires the recombination of 
tWo different libraries of plasmids, each library having a 
different selectable marker. The method is limited to a ?nite 
number of recombinations equal to the number of selectable 
markers existing, and produces a concomitant linear 
increase in the number of marker genes linked to the selected 
sequence(s). 
[0031] In vivo recombination betWeen tWo homologous, 
but truncated, insect-toxin genes on a plasmid has been 
reported as a method of producing a hybrid gene. The in vivo 
recombination of substantially mismatched DNA sequences 
in a host cell having defective mismatch repair enZymes, 
resulting in hybrid molecule formation has been reported. 

SUMMARY OF THE INVENTION 

[0032] This invention relates generally to the ?eld of 
nucleic acid engineering and correspondingly encoded 
recombinant protein engineering. More particularly, the 
invention relates to the directed evolution of nucleic acids 
and screening of clones containing the evolved nucleic acids 
for resultant activity(ies) of interest, such nucleic acid activi 
ty(ies) &/or speci?ed protein, particularly enZyme, activi 
ty(ies) of interest. 

[0033] This invention relates generally to a method of: 1) 
preparing a progeny generation molecule (including a mol 
ecule that is comprised of a polynucleotide sequence, a 
molecule that is comprised of a polypeptide sequence, and 
a molecules that is comprised in part of a polynucleotide 
sequence and in part of a polypeptide sequence), that is 
mutageniZed to achieve at least one point mutation, addition, 
deletion, &/or chimeriZation, from one or more ancestral or 
parental generation template(s); 2) screening the progeny 
generation molecule—preferably using a high throughput 
method—for at least one property of interest (such as an 
improvement in an enZyme activity or an increase in stabil 
ity or a novel chemotherapeutic effect); 3) optionally obtain 
ing &/or cataloguing structural &/or and functional infor 
mation regarding the parental &/or progeny generation 
molecules; and 4) optionally repeating any of steps 1) to 3). 

[0034] In a preferred embodiment, there is generated (eg 
from a parent polynucleotide template)—in What is termed 
“codon site-saturation mutagenesis”—a progeny generation 
of polynucleotides, each having at least one set of up to three 
contiguous point mutations (i.e. different bases comprising a 
neW codon), such that every codon (or every family of 
degenerate codons encoding the same amino acid) is repre 
sented at each codon position. Corresponding to—and 
encoded by—this progeny generation of polynucleotides, 
there is also generated a set of progeny polypeptides, each 
having at least one single amino acid point mutation. In a 
preferred aspect, there is generated—in What is termed 
“amino acid site-saturation mutagenesis”—one such mutant 
polypeptide for each of the 19 naturally encoded polypep 
tide-forming alpha-amino acid substitutions at each and 
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every amino acid position along the polypeptide. This 
yields—for each and every amino acid position along the 
parental polypeptide—a total of 20 distinct progeny 
polypeptides including the original amino acid, or poten 
tially more than 21 distinct progeny polypeptide s if addi 
tional amino acids are used either instead of or in addition 
to the 20 naturally encoded amino acids 

[0035] Thus, in another aspect, this approach is also 
serviceable for generating mutants containing—in addition 
to &/or in combination With the 20 naturally encoded 
polypeptide-forming alpha-amino acids—other rare &/or 
not naturally-encoded amino acids and amino acid deriva 
tives. In yet another aspect, this approach is also serviceable 
for generating mutants by the use of—in addition to &/or in 
combination With natural or unaltered codon recognition 
systems of suitable hosts—altered, mutageniZed, &/or 
designer codon recognition systems (such as in a host cell 
With one or more altered tRNA molecules). 

[0036] In yet another aspect, this invention relates to 
recombination and more speci?cally to a method for pre 
paring polynucleotides encoding a polypeptide by a method 
of in vivo re-assortment of polynucleotide sequences con 
taining regions of partial homology, assembling the poly 
nucleotides to form at least one polynucleotide and screen 
ing the polynucleotides for the production of polypeptide(s) 
having a useful property. 

[0037] In yet another preferred embodiment, this inven 
tion is serviceable for analyZing and cataloguing—With 
respect to any molecular property (eg an enZymatic activ 
ity) or combination of properties alloWed by current tech 
nology—the effects of any mutational change achieved 
(including particularly saturation mutagenesis). Thus, a 
comprehensive method is provided for determining the 
effect of changing each amino acid in a parental polypeptide 
into each of at least 19 possible substitutions. This alloWs 
each amino acid in a parental polypeptide to be character 
iZed and catalogued according to its spectrum of potential 
effects on a measurable property of the polypeptide. 

[0038] In another aspect, the method of the present inven 
tion utiliZes the natural property of cells to recombine 
molecules and/or to mediate reductive processes that reduce 
the complexity of sequences and extent of repeated or 
consecutive sequences possessing regions of homology. 

[0039] It is an object of the present invention to provide a 
method for generating hybrid polynucleotides encoding bio 
logically active hybrid polypeptides With enhanced activi 
ties. In accomplishing these and other objects, there has been 
provided, in accordance With one aspect of the invention, a 
method for introducing polynucleotides into a suitable host 
cell and groWing the host cell under conditions that produce 
a hybrid polynucleotide. 

[0040] In another aspect of the invention, the invention 
provides a method for screening for biologically active 
hybrid polypeptides encoded by hybrid polynucleotides. The 
present method alloWs for the identi?cation of biologically 
active hybrid polypeptides With enhanced biological activi 
ties. 

[0041] Other objects, features and advantages of the 
present invention Will become apparent from the folloWing 
detailed description. It should be understood, hoWever, that 
the detailed description and the speci?c examples, While 
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indicating preferred embodiments of the invention, are given 
by Way of illustration only, since various changes and 
modi?cations Within the spirit and scope of the invention 
Will become apparent to those skilled in the art from this 
detailed description. 

[0042] In a speci?c embodiment, this invention provides 
method for producing and isolating a library of progeny 
polynucleotides having at least one desirable property com 
prised of the steps of: 

[0043] (a) subjecting a starting or parental polynucle 
otide set to a mutagenesis process so as to produce a 
progeny polynucleotide set; and 

[0044] (b) subjecting the progeny polynucleotide set 
to an end selection-based screening and enrichment 
process, so as to select for a desirable subset of the 

progeny polynucleotide set; 

[0045] Whereby the above steps can be performed 
iteratively and in any order and in combination, 

[0046] Whereby the end selection-based process cre 
ates ligation-compatible ends, 

[0047] Whereby the creation of ligation-compatible 
ends is optionally used to facilitate one or more 
intermolecular ligations, that are preferably direc 
tional ligations, Within members of the progeny 
polynucleotide set so as to achieve assembly &/or 
reassembly mutagenesis, 

[0048] Whereby the creation of ligation-compatible 
ends serves to facilitate ligation of the progeny 
polynucleotide set into an expression vector system 
and expression cloning, 

[0049] Whereby the end selection-based screening 
and enrichment process alloWs one to produce a 
library of progeny polynucleotides generated by a 
mutagenesis process, include non-stochastic poly 
nucleotide site-saturation mutagenesis (Gene Site 
Saturation MutagenesisTM) and non-stochastic poly 
nucleotide reassembly (GeneReassemblyTM), 

[0050] Whereby the expression cloning of the prog 
eny polynucleotide set serves to generate a full 
length polypeptide set, 

[0051] Whereby the generated polypeptide set can be 
subjected to an expression screening process, and 

[0052] Whereby expression screening of the progeny 
polypeptide set provides a means to identify a desir 
able species, eg a mutant polypeptide or alterna 
tively a polypeptide fragment, that has a desirable 
property, such as a speci?c enZymatic activity. 

[0053] In another speci?c embodiment, this invention 
provides a method for producing and isolating a polypeptide 
having at least one desirable property comprised of the steps 
of: 

[0054] (a) subjecting a starting or parental polynucle 
otide set to a mutagenesis process so as to produce a 
progeny polynucleotide set; and 

[0055] (b) subjecting the progeny polynucleotide set 
to an end selection-based screening and enrichment 
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process, so as to select for a desirable subset of the 
progeny polynucleotide set; 

[0056] Whereby the above steps can be performed 
iteratively and in any order and in combination, 

[0057] Whereby the end selection-based process cre 
ates ligation-compatible ends, 

[0058] Whereby the creation of ligation-compatible 
ends is optionally used to facilitate one or more 
intermolecular ligations, that are preferably direc 
tional ligations, Within members of the progeny 
polynucleotide set so as to achieve assembly &/or 
reassembly mutagenesis, 

[0059] Whereby the end selection-based screening 
and enrichment process alloWs one to produce a 
library of progeny polynucleotides generated by a 
mutagenesis process, include non-stochastic poly 
nucleotide site-saturation mutagenesis (Gene Site 
Saturation MutagenesisTM) and non-stochastic poly 
nucleotide reassembly (GeneReassemblyTM), 

[0060] Whereby the expression cloning of the prog 
eny polynucleotide set serves to generate a full 
length polypeptide set, 

[0061] Whereby the creation of ligation-compatible 
ends serves to facilitate ligation of the progeny 
polynucleotide set into an expression vector system 
and expression cloning, 

[0062] Whereby the generated polypeptide set can be 
subjected to an expression screening process, and 

[0063] Whereby expression screening of the progeny 
polypeptide set provides a means to identify a desir 
able species, eg a mutant polypeptide or alterna 
tively a polypeptide fragment, that has a desirable 
property, such as a speci?c enZymatic activity. 

[0064] In a speci?c aspect of this embodiment, this inven 
tion provides the immediately preceding methods, Wherein 
the mutagenesis process of step (a) is comprised of a 
process, termed saturation mutagenesis, for generating, from 
a codon-containing parental polypeptide template, a progeny 
polypeptide set in Which a full range of single amino acid 
substitutions is represented at each amino acid position, 
comprising the steps of: 

[0065] (a) subjecting a Working codon-containing 
template polynucleotide to polymerase-based ampli 
?cation using a degenerate oligonucleotide for each 
codon to mutageniZed, Where each of said degener 
ate oligonucleotides is comprised of a ?rst homolo 
gous sequence and a degenerate triplet sequence, so 
as to generate a set of progeny polynucleotides; 

[0066] Wherein said degenerate triplet sequence is 
selected from the group consisting of i) N,N,N; ii) 
N,N,G/T; iii) N,N,G/C; iv) N,N,C/G/T; v) N,N,A/G/ 
T; vi) N,N,A/C/T; vii) N,N,A/C/G; and viii) any 
degenerate codon that encodes all 20 amino acids; 
and 

[0067] (b) subjecting said set of progeny polynucle 
otides to recombinant expression such that polypep 
tides encoded by the progeny polynucleotides are 
produced; 
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[0068] whereby the above steps can be performed 
iteratively and in any order and in combination, 
and 

[0069] Whereby, said method provides a means for 
generating all 20 amino acid changes at each 
amino acid site along a parental polypeptide tem 
plate, because the degeneracy of the triplet 
sequence includes codons for all 20 amino acids. 

[0070] In a speci?c aspect of this embodiment, this inven 
tion further provides the immediately preceding methods, 
Wherein the mutagenesis process of step (a) is comprised of 
a process, termed synthetic ligation gene reassembly or 
simply synthetic ligation gene reassembly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0071] FIGS. 1-9 correspond to Example 7. 

[0072] FIG. 1 and FIG. 2 shoW the determination of the 
half-life of enZymes upon subjection to an elevated tem 
perature according to Example 7. Dhla20F12 has a Ty2 of 
about 11 minutes and longer incubation times at elevated 
temperature revealed an approximate Ty2 of 29 000 minutes 
for DhlaS (FIG. 2). Furthermore, 20F12 precipitates When 
heated While Dhla-S does not. Therefore, Dhla-S is at least 
3000 times more stable than 20F12. 

[0073] FIGS. 3—is a diagram illustrating the speci?c 
activity of DhlaS at 30° C. and 55° C. in comparison to that 
of Dhla20F12 according to Example 7. These data shoW that 
there is no loss in activity When caused by the mutations and 
only thermal stability is affected. The rate of DhlaS is 
enhanced at 55° C. to the same degree as Dhla20F12. 

[0074] FIGS. 4-6 shoW data similar to those described in 
FIGS. 1-3, except using 80° C. incubations. The thermal 
stability of Dhla20F12 Was not tested at this temperature but 
it is assumed to be very short (on the order of seconds). 
DhlaS has a Ty2 of approximately 13 minutes at 80° C. When 
Dhla8 is treated in the same Way it has an approximate Ty2 
of 138 minutes or about 10x DhlaS (therefore 30 000 times 

Dhla20F12). 
[0075] FIGS. 7-9 is a diagram shoWing the use of differ 
ential calorimetry. Differential scanning calorimetry (DSC) 
is a method used to determine melting temperatures (Tm) 
and the enthalpy of thermal denaturation. Dhla20F12, DhlaS 
and Dhla8 Were all analyZed using DSC and the data are 
shoWn. The data shoW that Trn of 20F12 is about 68° C. and 
is irreversible, DhlaS has a Trn of 73° C. and is partially 
reversible While Dhla8 also has a Trn of 73° C. and is fully 
reversible. The mechanism of this reversibility is understood 
to involve a structural refolding after subjection of the 
molecule to denaturation. Thus, this invention provides for 
the generation and for the selection of molecules to attain 
&/or to improve the ability to refold so as to regain activity 
after subjection to denaturation (eg. denaturation induced by 
temperature, salt, pH, or pressure changes). 

[0076] FIG. 10 is a diagram of the application of end 
selection to select for desirable polynucleotides (eg. the 
selection of fall length molecules) generated by polynucle 
otide reassembly. 

DEFINITIONS OF TERMS 

[0077] In order to facilitate understanding of the examples 
provided herein, certain frequently occurring methods and/ 
or terms Will be described. 
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[0078] The term “agent” is used herein to denote a chemi 
cal compound, a mixture of chemical compounds, an array 
of spatially localiZed compounds (e.g., a VLSIPS peptide 
array, polynucleotide array, and/or combinatorial small mol 
ecule array), biological macromolecule, a bacteriophage 
peptide display library, a bacteriophage antibody (e. g., scFv) 
display library, a polysome peptide display library, or an 
extract made from biological materials such as bacteria, 
plants, fungi, or animal (particular mammalian) cells or 
tissues. Agents are evaluated for potential activity as anti 
neoplastics, anti-in?ammatories or apoptosis modulators by 
inclusion in screening assays described herein beloW. Agents 
are evaluated for potential activity as speci?c protein inter 
action inhibitors (i.e., an agent Which selectively inhibits a 
binding interaction betWeen tWo predetermined polypeptide 
s but Which does not substantially interfere With cell viabil 
ity) by inclusion in screening assays described herein beloW. 

[0079] An “ambiguous base requirement” in a restriction 
site refers to a nucleotide base requirement that is not 
speci?ed to the fullest extent, i.e. that is not a speci?c base 
(such as, in a non-limiting exempli?cation, a speci?c base 
selected from A, C, G, and T), but rather may be any one of 
at least tWo or more bases. Commonly accepted abbrevia 
tions that are used in the art as Well as herein to represent 
ambiguity in bases include the folloWing: R=G or A; Y=C or 
T; M=A or C; K=G or T; S=G or C; W=A or T; H=A or C 
or T; B=G or T or C; V=G or C or A; D=G or A or T; N=A 
or C or G or T. 

[0080] The term “amino acid” as used herein refers to any 
organic compound that contains an amino group (—NH2) 
and a carboxyl group (—COOH); preferably either as free 
groups or alternatively after condensation as part of peptide 
bonds. The “tWenty naturally encoded polypeptide-forming 
alpha-amino acids” are understood in the art and refer to: 
alanine (ala or A), arginine (arg or R), asparagine (asn or N), 
aspartic acid (asp or D), cysteine (cys or C), gluatamic acid 
(glu or E), glutamine (gln or Q), glycine (gly or G), histidine 
(his or H), isoleucine (ile or I), leucine (leu or L), lysine (lys 
or K), methionine (met or M), phenylalanine (phe or F), 
proline (pro or P), serine (ser or S), threonine (thr or T), 
tryptophan (trp or W), tyrosine (tyr or Y), and valine (val or 
V). 
[0081] The term “ampli?cation” means that the number of 
copies of a polynucleotide is increased. 

[0082] The term “antibody”, as used herein, refers to intact 
immunoglobulin molecules, as Well as fragments of immu 
noglobulin molecules, such as Fab, Fab‘, (Fab‘)2, Fv, and 
SCA fragments, that are capable of binding to an epitope of 
an antigen. These antibody fragments, Which retain some 
ability to selectively bind to an antigen (e.g., a polypeptide 
antigen) of the antibody from Which they are derived, can be 
made using Well knoWn methods in the art (see, e.g., HarloW 
and Lane, supra), and are described further, as folloWs. 

[0083] (1) An Fab fragment consists of a monovalent 
antigen-binding fragment of an antibody molecule, 
and can be produced by digestion of a Whole anti 
body molecule With the enZyme papain, to yield a 
fragment consisting of an intact light chain and a 
portion of a heavy chain. 

[0084] (2) An Fab‘ fragment of an antibody molecule 
can be obtained by treating a Whole antibody mol 
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ecule With pepsin, followed by reduction, to yield a 
molecule consisting of an intact light chain and a 
portion of a heavy chain. TWo Fab‘ fragments are 
obtained per antibody molecule treated in this man 
ner. 

[0085] (3) An (Fab‘)2 fragment of an antibody can be 
obtained by treating a Whole antibody molecule With 
the enZyme pepsin, Without subsequent reduction. A 
(Fab‘)2 fragment is a dimer of tWo Fab‘ fragments, 
held together by tWo disul?de bonds. 

[0086] (4) An Fv fragment is de?ned as a genetically 
engineered fragment containing the variable region 
of a light chain and the variable region of a heavy 
chain expressed as tWo chains. 

[0087] (5) An single chain antibody (“SCA”) is a 
genetically engineered single chain molecule con 
taining the variable region of a light chain and the 
variable region of a heavy chain, linked by a suitable, 
?exible polypeptide linker. 

[0088] A molecule that has a “chimeric property” is a 
molecule that is: 1) in part homologous and in part heter 
ologous to a ?rst reference molecule; While 2) at the same 
time being in part homologous and in part heterologous to a 
second reference molecule; Without 3) precluding the pos 
sibility of being at the same time in part homologous and in 
part heterologous to still one or more additional reference 
molecules. In a non-limiting embodiment, a chimeric mol 
ecule may be prepared by assemblying a reassortment of 
partial molecular sequences. In a non-limiting aspect, a 
chimeric polynucleotide molecule may be prepared by syn 
thesiZing the chimeric polynucleotide using plurality of 
molecular templates, such that the resultant chimeric poly 
nucleotide has properties of a plurality of templates. 

[0089] The term “cognate” as used herein refers to a gene 
sequence that is evolutionarily and functionally related 
betWeen species. For example, but not limitation, in the 
human genome the human CD4 gene is the cognate gene to 
the mouse 3d4 gene, since the sequences and structures of 
these tWo genes indicate that they are highly homologous 
and both genes encode a protein Which functions in signal 
ing T cell activation through MHC class II-restricted antigen 
recognition. 

[0090] A “comparison WindoW,” as used herein, refers to 
a conceptual segment of at least 20 contiguous nucleotide 
positions Wherein a polynucleotide sequence may be com 
pared to a reference sequence of at least 20 contiguous 
nucleotides and Wherein the portion of the polynucleotide 
sequence in the comparison WindoW may comprise additions 
or deletions (i.e., gaps) of 20 percent or less as compared to 
the reference sequence (Which does not comprise additions 
or deletions) for optimal alignment of the tWo sequences. 
Optimal alignment of sequences for aligning a comparison 
WindoW may be conducted by the local homology algorithm 
of Smith (Smith and Waterman,Aa'vAppl Math, 1981; Smith 
and Waterman, J Teor Biol, 1981; Smith and Waterman, J 
M01 Biol, 1981; Smith et al, J M01 Evol, 1981), by the 
homology alignment algorithm of Needleman (Needleman 
and Wuncsch, 1970), by the search of similarity method of 
Pearson (Pearson and Lipman, 1988), by computeriZed 
implementations of these algorithms (GAP, BESTFIT, 
FASTA, and TFASTA in the Wisconsin Genetics SoftWare 
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Package Release 7.0, Genetics Computer Group, 575 Sci 
ence Dr., Madison, Wis.), or by inspection, and the best 
alignment (i.e., resulting in the highest percentage of homol 
ogy over the comparison WindoW) generated by the various 
methods is selected. 

[0091] As used herein, the term “complementarity-deter 
mining region” and “CDR” refer to the art-recogniZed term 
as exempli?ed by the Kabat and Chothia CDR de?nitions 
also generally knoWn as supervariable regions or hypervari 
able loops (Chothia and Lesk, 1987; Clothia et al, 1989; 
Kabat et al, 1987; and Tramontano et al, 1990). Variable 
region domains typically comprise the amino-terminal 
approximately 105-115 amino acids of a naturally-occurring 
immunoglobulin chain (e.g., amino acids 1-110), although 
variable domain s someWhat shorter or longer are also 
suitable for forming single-chain antibodies. 

[0092] “Conservative amino acid substitutions” refer to 
the interchangeability of residues having similar side chains. 
For example, a group of amino acids having aliphatic side 
chains is glycine, alanine, valine, leucine, and isoleucine; a 
group of amino acids having aliphatic-hydroxyl side chains 
is serine and threonine; a group of amino acids having 
amide-containing side chains is asparagine and glutamine; a 
group of amino acids having aromatic side chains is phe 
nylalanine, tyrosine, and tryptophan; a group of amino acids 
having basic side chains is lysine, arginine, and histidine; 
and a group of amino acids having sulfur-containing side 
chains is cysteine and methionine. Preferred conservative 
amino acids substitution groups are: valine-leucine-isoleu 
cine, phenylalanine-tyrosine, lysine-arginine, alanine-va 
line, and asparagine-glutamine. 

[0093] The term “corresponds to” is used herein to mean 
that a polynucleotide sequence is homologous (i.e., is iden 
tical, not strictly evolutionarily related) to all or a portion of 
a reference polynucleotide sequence, or that a polypeptide 
sequence is identical to a reference polypeptide sequence. In 
contradistinction, the term “complementary to” is used 
herein to mean that the complementary sequence is homolo 
gous to all or a portion of a reference polynucleotide 
sequence. For illustration, the nucleotide sequence 
“TATAC” corresponds to a reference “TATAC” and is 
complementary to a reference sequence “GTAT .” 

[0094] The term “degrading effective” amount refers to 
the amount of enZyme Which is required to process at least 
50% of the substrate, as compared to substrate not contacted 
With the enZyme. Preferably, at least 80% of the substrate is 
degraded. 

[0095] As used herein, the term “de?ned sequence frame 
Wor ” refers to a set of de?ned sequences that are selected 

on a non-random basis, generally on the basis of experi 
mental data or structural data; for example, a de?ned 
sequence frameWork may comprise a set of amino acid 
sequences that are predicted to form a [3-sheet structure or 
may comprise a leucine Zipper heptad repeat motif, a Zinc 
?nger domain, among other variations. A “de?ned sequence 
kemal” is a set of sequences Which encompass a limited 
scope of variability. Whereas (1) a completely random 
10-mer sequence of the 20 conventional amino acids can be 
any of (20)10 sequences, and (2) a pseudorandom 10-mer 
sequence of the 20 conventional amino acids can be any of 
(20)10 sequences but Will exhibit a bias for certain residues 
at certain positions and/or overall, (3) a de?ned sequence 
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kernal is a subset of sequences if each residue position Was 
allowed to be any of the allowable 20 conventional amino 
acids (and/or alloWable unconventional amino/imino acids). 
A de?ned sequence kernal generally comprises variant and 
invariant residue positions and/or comprises variant residue 
positions Which can comprise a residue selected from a 
de?ned subset of amino acid residues), and the like, either 
segmentally or over the entire length of the individual 
selected library member sequence. De?ned sequence kernels 
can refer to either amino acid sequences or polynucleotide 
sequences. Of illustration and not limitation, the sequences 
(NNK)1O and (NNM)1O, Wherein N represents A, T, G, or C; 
K represents G or T; and M represents A or C, are de?ned 
sequence kernels. 

[0096] “Digestion” of DNA refers to catalytic cleavage of 
the DNA With a restriction enZyme that acts only at certain 
sequences in the DNA. The various restriction enZymes used 
herein are commercially available and their reaction condi 
tions, cofactors and other requirements Were used as Would 
be knoWn to the ordinarily skilled artisan. For analytical 
purposes, typically 1 pg of plasmid or DNA fragment is used 
With about 2 units of enZyme in about 20 pl of buffer 
solution. For the purpose of isolating DNA fragments for 
plasmid construction, typically 5 to 50 pg of DNA are 
digested With 20 to 250 units of enZyme in a larger volume. 
Appropriate buffers and substrate amounts for particular 
restriction enZymes are speci?ed by the manufacturer. Incu 
bation times of about 1 hour at 37° C. are ordinarily used, 
but may vary in accordance With the supplier’s instructions. 
After digestion the reaction is electrophoresed directly on a 
gel to isolate the desired fragment. 

[0097] “Directional ligation” refers to a ligation in Which 
a 5‘ end and a 3‘ end of a polynuclotide are different enough 
to specify a preferred ligation orientation. For eXample, an 
otherWise untreated and undigested PCR product that has 
tWo blunt ends Will typically not have a preferred ligation 
orientation When ligated into a cloning vector digested to 
produce blunt ends in its multiple cloning site; thus, direc 
tional ligation Will typically not be displayed under these 
circumstances. In contrast, directional ligation Will typically 
be displayed When a digested PCR product having a 5‘ EcoR 
I-treated end and a 3‘ BamH I-is ligated into a cloning vector 
that has a multiple cloning site digested With EcoR I and 
BamH I. 

[0098] The term “DNA shuf?ing” is used herein to indi 
cate recombination betWeen substantially homologous but 
non-identical sequences, in some embodiments DNA shuf 
?ing may involve crossover via non-homologous recombi 
nation, such as via cer/loX and/or ?p/frt systems and the like. 

[0099] As used in this invention, the term “epitope” refers 
to an antigenic determinant on an antigen, such as a phytase 
polypeptide, to Which the paratope of an antibody, such as an 
phytase-speci?c antibody, binds. Antigenic determinants 
usually consist of chemically active surface groupings of 
molecules, such as amino acids or sugar side chains, and can 
have speci?c three-dimensional structural characteristics, as 
Well as speci?c charge characteristics. As used herein 
“epitope” refers to that portion of an antigen or other 
macromolecule capable of forming a binding interaction that 
interacts With the variable region binding body of an anti 
body. Typically, such binding interaction is manifested as an 
intermolecular contact With one or more amino acid residues 
of a CDR. 
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[0100] The terms “fragment”, “derivative” and “analog” 
When referring to a reference polypeptide comprise a 
polypeptide Which retains at least one biological function or 
activity that is at least essentially same as that of the 
reference polypeptide. Furthermore, the terms “fragment”, 
“derivative” or “analog” are exempli?ed by a “pro-form” 
molecule, such as a loW activity proprotein that can be 
modi?ed by cleavage to produce a mature enZyme With 
signi?cantly higher activity. 
[0101] A method is provided herein for producing from a 
template polypeptide a set of progeny polypeptides in Which 
a “full range of single amino acid substitutions” is repre 
sented at each amino acid position. As used herein, “full 
range of single amino acid substitutions” is in reference to 
the 20 naturally encoded polypeptide-forming alpha-amino 
acids, as described herein. 

[0102] The term “gene” means the segment of DNA 
involved in producing a polypeptide chain; it includes 
regions preceding and folloWing the coding region (leader 
and trailer) as Well as intervening sequences (introns) 
betWeen individual coding segments (eXons). 

[0103] “Genetic instability”, as used herein, refers to the 
natural tendency of highly repetitive sequences to be lost 
through a process of reductive events generally involving 
sequence simpli?cation through the loss of repeated 
sequences. Deletions tend to involve the loss of one copy of 
a repeat and everything betWeen the repeats. 

[0104] The term “heterologous” means that one single 
stranded nucleic acid sequence is unable to hybridiZe to 
another single-stranded nucleic acid sequence or its comple 
ment. Thus areas of heterology means that areas of poly 
nucleotides or polynucleotides have areas or regions Within 
their sequence Which are unable to hybridiZe to another 
nucleic acid or polynucleotide. Such regions or areas are for 
eXample areas of mutations. 

[0105] The term “homologous” or “homeologous” means 
that one single-stranded nucleic acid sequence may hybrid 
iZe to a complementary single-stranded nucleic acid 
sequence. The degree of hybridiZation may depend on a 
number of factors including the amount of identity betWeen 
the sequences and the hybridiZation conditions such as 
temperature and salt concentrations as discussed later. Pref 
erably the region of identity is greater than about 5 bp, more 
preferably the region of identity is greater than 10 bp. 

[0106] An immunoglobulin light or heavy chain variable 
region consists of a “frameWork” region interrupted by three 
hypervariable regions, also called CDR’s. The eXtent of the 
frameWork region and CDR’s have been precisely de?ned; 
see “Sequences of Proteins of Immunological Interest” 
(Kabat et al, 1987). The sequences of the frameWork regions 
of different light or heavy chains are relatively conserved 
Within a specie. As used herein, a “human frameWork 
region” is a frameWork region that is substantially identical 
(about 85 or more, usually 90-95 or more) to the frameWork 
region of a naturally occurring human immunoglobulin. The 
frameWork region of an antibody, that is the combined 
frameWork regions of the constituent light and heavy chains, 
serves to position and align the CDR’s. The CDR’s are 
primarily responsible for binding to an epitope of an antigen. 

[0107] The bene?ts of this invention eXtend to “industrial 
applications” (or industrial processes), Which term is used to 
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include applications in commercial industry proper (or sim 
ply industry) as Well as non-commercial industrial applica 
tions (e.g. biomedical research at a non-pro?t institution). 
Relevant applications include those in areas of diagnosis, 
medicine, agriculture, manufacturing, and academia. 

[0108] The term “identical” or “identity” means that tWo 
nucleic acid sequences have the same sequence or a comple 
mentary sequence. Thus, “areas of identity” means that 
regions or areas of a polynucleotide or the overall poly 
nucleotide are identical or complementary to areas of 
another polynucleotide or the polynucleotide. 

[0109] The term “isolated” means that the material is 
removed from its original environment (e.g., the natural 
environment if it is naturally occurring). For example, a 
naturally-occurring polynucleotide or enZyme present in a 
living animal is not isolated, but the same polynucleotide or 
enZyme, separated from some or all of the coexisting mate 
rials in the natural system, is isolated. Such polynucleotides 
could be part of a vector and/or such polynucleotides or 
enZymes could be part of a composition, and still be isolated 
in that such vector or composition is not part of its natural 
environment. 

[0110] By “isolated nucleic acid” is meant a nucleic acid, 
e.g., a DNA or RNA molecule, that is not immediately 
contiguous With the 5‘ and 3‘ ?anking sequences With Which 
it normally is immediately contiguous When present in the 
naturally occurring genome of the organism from Which it is 
derived. The term thus describes, for example, a nucleic acid 
that is incorporated into a vector, such as a plasmid or viral 
vector; a nucleic acid that is incorporated into the genome of 
a heterologous cell (or the genome of a homologous cell, but 
at a site different from that at Which it naturally occurs); and 
a nucleic acid that exists as a separate molecule, e.g., a DNA 
fragment produced by PCR ampli?cation or restriction 
enZyme digestion, or an RNA molecule produced by in vitro 
transcription. The term also describes a recombinant nucleic 
acid that forms part of a hybrid gene encoding additional 
polypeptide sequences that can be used, for example, in the 
production of a fusion protein. 

[0111] As used herein “ligand” refers to a molecule, such 
as a random peptide or variable segment sequence, that is 
recogniZed by a particular receptor. As one of skill in the art 
Will recogniZe, a molecule (or macromolecular complex) 
can be both a receptor and a ligand. In general, the binding 
partner having a smaller molecular Weight is referred to as 
the ligand and the binding partner having a greater molecu 
lar Weight is referred to as a receptor. 

[0112] “Ligation” refers to the process of forming phos 
phodiester bonds betWeen tWo double stranded nucleic acid 
fragments (Sambrook et al, 1982, p. 146; Sambrook, 1989). 
Unless otherWise provided, ligation may be accomplished 
using knoWn buffers and conditions With 10 units of T4 
DNA ligase (“ligase”) per 0.5 pg of approximately equimo 
lar amounts of the DNA fragments to be ligated. 

[0113] As used herein, “linker” or “spacer” refers to a 
molecule or group of molecules that connects tWo mol 
ecules, such as a DNAbinding protein and a random peptide, 
and serves to place the tWo molecules in a preferred con 
?guration, e.g., so that the random peptide can bind to a 
receptor With minimal steric hindrance from the DNA bind 
ing protein. 
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[0114] As used herein, a “molecular property to be 
evolved” includes reference to molecules comprised of a 
polynucleotide sequence, molecules comprised of a 
polypeptide sequence, and molecules comprised in part of a 
polynucleotide sequence and in part of a polypeptide 
sequence. Particularly relevant—but by no means limiting— 
examples of molecular properties to be evolved include 
enZymatic activities at speci?ed conditions, such as related 
to temperature; salinity; pressure; pH; and concentration of 
glycerol, DMSO, detergent, &/or any other molecular spe 
cies With Which contact is made in a reaction environment. 
Additional particularly relevant—but by no means limit 
ing—examples of molecular properties to be evolved 
include stabilities—e.g. the amount of a residual molecular 
property that is present after a speci?ed exposure time to a 
speci?ed environment, such as may be encountered during 
storage. 

[0115] The term “mutations” means changes in the 
sequence of a Wild-type nucleic acid sequence or changes in 
the sequence of a peptide. Such mutations may be point 
mutations such as transitions or transversions. The muta 

tions may be deletions, insertions or duplications. 

[0116] As used herein, the degenerate “N,N,G/J” nucle 
otide sequence represents 32 possible triplets, Where “N” 
can be A, C, G or T. 

[0117] The term “naturally-occurring” as used herein as 
applied to the object refers to the fact that an object can be 
found in nature. For example, a polypeptide or polynucle 
otide sequence that is present in an organism (including 
viruses) that can be isolated from a source in nature and 
Which has not been intentionally modi?ed by man in the 
laboratory is naturally occurring. Generally, the term natu 
rally occurring refers to an object as present in a non 
pathological (un-diseased) individual, such as Would be 
typical for the species. 

[0118] As used herein, a “nucleic acid molecule” is com 
prised of at least one base or one base pair, depending on 
Whether it is single-stranded or double-stranded, respec 
tively. Furthermore, a nucleic acid molecule may belong 
exclusively or chimerically to any group of nucleotide 
containing molecules, as exempli?ed by, but not limited to, 
the folloWing groups of nucleic acid molecules: RNA, DNA, 
genomic nucleic acids, non-genomic nucleic acids, naturally 
occurring and not naturally occurring nucleic acids, and 
synthetic nucleic acids. This includes, by Way of non 
limiting example, nucleic acids associated With any 
organelle, such as the mitochondria, ribosomal RNA, and 
nucleic acid molecules comprised chimerically of one or 
more components that are not naturally occurring along With 
naturally occurring components. 

[0119] Additionally, a “nucleic acid molecule” may con 
tain in part one or more non-nucleotide-based components 
as exempli?ed by, but not limited to, amino acids and sugars. 
Thus, by Way of example, but not limitation, a riboZyme that 
is in part nucleotide-based and in part protein-based is 
considered a “nucleic acid molecule”. 

[0120] In addition, by Way of example, but not limitation, 
a nucleic acid molecule that is labeled With a detectable 
moiety, such as a radioactive or alternatively a non-radio 
active label, is likeWise considered a “nucleic acid mol 
ecule”. 
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[0121] The terms “nucleic acid sequence coding for” or a 
“DNA coding sequence of” or a “nucleotide sequence 
encoding” a particular enZyme—as Well as other synony 
mous terms—refer to a DNA sequence Which is transcribed 
and translated into an enZyme When placed under the control 
of appropriate regulatory sequences. A“promotor sequence” 
is a DNA regulatory region capable of binding RNA poly 
merase in a cell and initiating transcription of a doWnstream 
(3‘ direction) coding sequence. The promoter is part of the 
DNA sequence. This sequence region has a start codon at its 
3‘ terminus. The promoter sequence does include the mini 
mum number of bases Where elements necessary to initiate 
transcription at levels detectable above background. HoW 
ever, after the RNA polymerase binds the sequence and 
transcription is initiated at the start codon (3‘ terminus With 
a promoter), transcription proceeds doWnstream in the 3‘ 
direction. Within the promotor sequence Will be found a 
transcription initiation site (conveniently de?ned by map 
ping With nuclease S1) as Well as protein binding domains 
(consensus sequences) responsible for the binding of RNA 
polymerase. 
[0122] The terms “nucleic acid encoding an enZyme (pro 
tein)” or “DNA encoding an enZyme (protein)” or “poly 
nucleotide encoding an enZyme (protein)” and other syn 
onymous terms encompasses a polynucleotide Which 
includes only coding sequence for the enZyme as Well as a 
polynucleotide Which includes additional coding and/or 
non-coding sequence. 

[0123] In one preferred embodiment, a “speci?c nucleic 
acid molecule species” is de?ned by its chemical structure, 
as exempli?ed by, but not limited to, its primary sequence. 
In another preferred embodiment, a speci?c “nucleic acid 
molecule species” is de?ned by a function of the nucleic acid 
species or by a function of a product derived from the 
nucleic acid species. Thus, by Way of non-limiting example, 
a “speci?c nucleic acid molecule species” may be de?ned by 
one or more activities or properties attributable to it, includ 
ing activities or properties attributable to its expressed 
product. 
[0124] The instant de?nition of “assembling a Working 
nucleic acid sample into a nucleic acid library” includes the 
process of incorporating a nucleic acid sample into a vector 
based collection, such as by ligation into a vector and 
transformation of a host. A description of relevant vectors, 
hosts, and other reagents as Well as speci?c non-limiting 
examples thereof are provided hereinafter. The instant de? 
nition of “assembling a Working nucleic acid sample into a 
nucleic acid library” also includes the process of incorpo 
rating a nucleic acid sample into a non-vector-based collec 
tion, such as by ligation to adaptors. Preferably the adaptors 
can anneal to PCR primers to facilitate ampli?cation by 
PCR. 

[0125] Accordingly, in a non-limiting embodiment, a 
“nucleic acid library” is comprised of a vector-based col 
lection of one or more nucleic acid molecules. In another 
preferred embodiment a “nucleic acid library” is comprised 
of a non-vector-based collection of nucleic acid molecules. 
In yet another preferred embodiment a “nucleic acid library” 
is comprised of a combined collection of nucleic acid 
molecules that is in part vector-based and in part non-vector 
based. Preferably, the collection of molecules comprising a 
library is searchable and separable according to individual 
nucleic acid molecule species. 
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[0126] The present invention provides a “nucleic acid 
construct” or alternatively a “nucleotide construct” or alter 
natively a “DNA construct”. The term “construct” is used 
herein to describe a molecule, such as a polynucleotide (e. g., 
a phytase polynucleotide) Which may optionally be chemi 
cally bonded to one or more additional molecular moieties, 
such as a vector, or parts of a vector. In a speci?c—but by 
no means limiting—aspect, a nucleotide construct is exem 
pli?ed by DNA expression constructs suitable for the trans 
formation of a host cell. 

[0127] An “oligonucleotide” (or synonymously an 
“oligo”) refers to either a single stranded polydeoxynucle 
otide or tWo complementary polydeoxynucleotide strands 
Which may be chemically synthesiZed. Such synthetic oli 
gonucleotides may or may not have a 5‘ phosphate. Those 
that do not Will not ligate to another oligonucleotide Without 
adding a phosphate With an ATP in the presence of a kinase. 
Asynthetic oligonucleotide Will ligate to a fragment that has 
not been dephosphorylated. To achieve polymerase-based 
ampli?cation (such as With PCR), a “32-fold degenerate 
oligonucleotide that is comprised of, in series, at least a ?rst 
homologous sequence, a degenerate N,N,G/T sequence, and 
a second homologous sequence” is mentioned. As used in 
this context, “homologous” is in reference to homology 
betWeen the oligo and the parental polynucleotide that is 
subjected to the polymerase-based ampli?cation. 

[0128] As used herein, the term “operably linked” refers to 
a linkage of polynucleotide elements in a functional rela 
tionship. A nucleic acid is “operably linked” When it is 
placed into a functional relationship With another nucleic 
acid sequence. For instance, a promoter or enhancer is 
operably linked to a coding sequence if it affects the tran 
scription of the coding sequence. Operably linked means 
that the DNA sequences being linked are typically contigu 
ous and, Where necessary to join tWo protein coding regions, 
contiguous and in reading frame. 

[0129] A coding sequence is “operably linked to” another 
coding sequence When RNA polymerase Will transcribe the 
tWo coding sequences into a single mRNA, Which is then 
translated into a single polypeptide having amino acids 
derived from both coding sequences. The coding sequences 
need not be contiguous to one another so long as the 
expressed sequences are ultimately processed to produce the 
desired protein. 

[0130] As used herein the term “parental polynucleotide 
set” is a set comprised of one or more distinct polynucleotide 
species. Usually this term is used in reference to a progeny 
polynucleotide set Which is preferably obtained by 
mutageniZation of the parental set, in Which case the terms 
“parental”, “starting” and “template” are used interchange 
ably. 

[0131] As used herein the term “physiological conditions” 
refers to temperature, pH, ionic strength, viscosity, and like 
biochemical parameters Which are compatible With a viable 
organism, and/or Which typically exist intracellularly in a 
viable cultured yeast cell or mammalian cell. For example, 
the intracellular conditions in a yeast cell groWn under 
typical laboratory culture conditions are physiological con 
ditions. Suitable in vitro reaction conditions for in vitro 
transcription cocktails are generally physiological condi 
tions. In general, in vitro physiological conditions comprise 
50-200 mM NaCl or KCl, pH 6.5-8.5, 20-45° C. and 
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0.001-10 mM divalent cation (e.g., Mg“, Ca“); preferably 
about 150 mM NaCl or KCl, pH 7.2-7.6, 5 mM divalent 
cation, and often include 0.01-1.0 percent nonspeci?c pro 
tein (e.g., BSA). Anon-ionic detergent (TWeen, NP-40, Tri 
ton X-100) can often be present, usually at about 0.001 to 
2%, typically 0.05 -0.2% (v/v). Particular aqueous conditions 
may be selected by the practitioner according to conven 
tional methods. For general guidance, the folloWing buffered 
aqueous conditions may be applicable: 10-250 mM NaCl, 
5-50 mM Tris HCl, pH 5-8, With optional addition of 
divalent cation(s) and/or metal chelators and/or non-ionic 
detergents and/or membrane fractions and/or anti-foam 
agents and/or scintillants. 

[0132] Standard convention (5‘ to 3‘) is used herein to 
describe the sequence of double stranded polynucleotides. 

[0133] The term “population” as used herein means a 
collection of components such as polynucleotides, portions 
or polynucleotides or proteins. A “mixed population means 
a collection of components Which belong to the same family 
of nucleic acids or proteins (i.e., are related) but Which differ 
in their sequence (i.e., are not identical) and hence in their 
biological activity. 

[0134] A molecule having a “pro-form” refers to a mol 
ecule that undergoes any combination of one or more 
covalent and noncovalent chemical modi?cations (e.g. gly 
cosylation, proteolytic cleavage, dimeriZation or oligomer 
iZation, temperature-induced or pH-induced conformational 
change, association With a co-factor, etc.) en route to attain 
a more mature molecular form having a property difference 
(eg an increase in activity) in comparison With the refer 
ence pro-form molecule. When tWo or more chemical modi 
?cations (e.g. tWo proteolytic cleavages, or a proteolytic 
cleavage and a deglycosylation) can be distinguished en 
route to the production of a mature molecule, the reference 
precursor molecule may be termed a “pre-pro-form” mol 
ecule. 

[0135] As used herein, the term “pseudorandom” refers to 
a set of sequences that have limited variability, such that, for 
example, the degree of residue variability at another posi 
tion, but any pseudorandom position is alloWed some degree 
of residue variation, hoWever circumscribed. 

[0136] “Quasi-repeated units”, as used herein, refers to the 
repeats to be re-assorted and are by de?nition not identical. 
Indeed the method is proposed not only for practically 
identical encoding units produced by mutagenesis of the 
identical starting sequence, but also the reassortment of 
similar or related sequences Which may diverge signi?cantly 
in some regions. Nevertheless,, if the sequences contain 
sufficient homologies to be reasserted by this approach, they 
can be referred to as “quasi-repeated” units. 

[0137] As used herein “random peptide library” refers to 
a set of polynucleotide sequences that encodes a set of 
random peptides, and to the set of random peptides encoded 
by those polynucleotide sequences, as Well as the fusion 
proteins contain those random peptides. 

[0138] As used herein, “random peptide sequence” refers 
to an amino acid sequence composed of tWo or more amino 
acid monomers and constructed by a stochastic or random 
process. A random peptide can include frameWork or scaf 
folding motifs, Which may comprise invariant sequences. 
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[0139] As used herein, “receptor” refers to a molecule that 
has an af?nity for a given ligand. Receptors can be naturally 
occurring or synthetic molecules. Receptors can be 
employed in an unaltered state or as aggregates With other 
species. Receptors can be attached, covalently or non 
covalently, to a binding member, either directly or via a 
speci?c binding substance. Examples of receptors include, 
but are not limited to, antibodies, including monoclonal 
antibodies and antisera reactive With speci?c antigenic 
determinants (such as on viruses, cells, or other materials), 
cell membrane receptors, complex carbohydrates and gly 
coproteins, enZymes, and hormone receptors. 

[0140] “Recombinant” enZymes refer to enZymes pro 
duced by recombinant DNA techniques, i.e., produced from 
cells transformed by an exogenous DNA construct encoding 
the desired enZyme. “Synthetic” enZymes are those prepared 
by chemical synthesis. 

[0141] The term “related polynucleotides” means that 
regions or areas of the polynucleotides are identical and 
regions or areas of the polynucleotides are heterologous. 

[0142] “Reductive reassortment”, as used herein, refers to 
the increase in molecular diversity that is accrued through 
deletion (and/or insertion) events that are mediated by 
repeated sequences. 

[0143] The folloWing terms are used to describe the 
sequence relationships betWeen tWo or more polynucle 
otides: “reference sequence,”“comparison WindoW,”“se 
quence identity,”“percentage of sequence identity,” and 
“substantial identity.” 

[0144] A “reference sequence” is a de?ned sequence used 
as a basis for a sequence comparison; a reference sequence 
may be a subset of a larger sequence, for example, as a 
segment of a full-length cDNA or gene sequence given in a 
sequence listing, or may comprise a complete cDNA or gene 
sequence. Generally, a reference sequence is at least 20 
nucleotides in length, frequently at least 25 nucleotides in 
length, and often at least 50 nucleotides in length. Since tWo 
polynucleotides may each (1) comprise a sequence (i.e., a 
portion of the complete polynucleotide sequence) that is 
similar betWeen the tWo polynucleotides and (2) may further 
comprise a sequence that is divergent betWeen the tWo 
polynucleotides, sequence comparisons betWeen tWo (or 
more) polynucleotides are typically performed by compar 
ing sequences of the tWo polynucleotides over a “compari 
son WindoW” to identify and compare local regions of 
sequence similarity. 

[0145] “Repetitive Index (RI)”, as used herein, is the 
average number of copies of the quasi-repeated units con 
tained in the cloning vector. 

[0146] The term “restriction site” refers to a recognition 
sequence that is necessary for the manifestation of the action 
of a restriction enZyme, and includes a site of catalytic 
cleavage. It is appreciated that a site of cleavage may or may 
not be contained Within a portion of a restriction site that 
comprises a loW ambiguity sequence (i.e. a sequence con 
taining the principal determinant of the frequency of occur 
rence of the restriction site). Thus, in many cases, relevant 
restriction sites contain only a loW ambiguity sequence With 
an internal cleavage site (eg G/AAT TC in the EcoR I site) 
or an immediately adjacent cleavage site (eg /CCWGG in 
the EcoR II site). In other cases, relevant restriction enZymes 
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[eg the E6057 I site or CTGAAG(16/14)] contain a 10W 
ambiguity sequence (eg the CTGAAG sequence in the 
E6057 I site) With an external cleavage site (eg in the N16 
portion of the E6057 I site). When an enZyme (eg a 
restriction enZyme) is said to “cleave” a polynucleotide, it is 
understood to mean that the restriction enZyme catalyzes or 
facilitates a cleavage of a polynucleotide. 

[0147] In a non-limiting aspect, a “selectable polynucle 
otide” is comprised of a 5‘ terminal region (or end region), 
an intermediate region (i.e. an internal or central region), and 
a 3‘ terminal region (or end region). As used in this aspect, 
a 5‘ terminal region is a region that is located toWards a 5‘ 
polynucleotide terminus (or a 5‘ polynucleotide end); thus it 
is either partially or entirely in a 5‘ half of a polynucleotide. 
Likewise, a 3‘ terminal region is a region that is located 
toWards a 3‘ polynucleotide terminus (or a 3‘ polynucleotide 
end); thus it is either partially or entirely in a 3‘ half of a 
polynucleotide. As used in this non-limiting eXempli?cation, 
there may be sequence overlap betWeen any tWo regions or 
even among all three regions. 

[0148] The term “sequence identity” means that tWo poly 
nucleotide sequences are identical (i.e., on a nucleotide-by 
nucleotide basis) over the WindoW of comparison. The term 
“percentage of sequence identity” is calculated by compar 
ing tWo optimally aligned sequences over the WindoW of 
comparison, determining the number of positions at Which 
the identical nucleic acid base (e.g., A, T, C, G U, or I) 
occurs in both sequences to yield the number of matched 
positions, dividing the number of matched positions by the 
total number of positions in the WindoW of comparison (i.e., 
the WindoW siZe), and multiplying the result by 100 to yield 
the percentage of sequence identity. This “substantial iden 
tity”, as used herein, denotes a characteristic of a polynucle 
otide sequence, Wherein the polynucleotide comprises a 
sequence having at least 80 percent sequence identity, pref 
erably at least 85 percent identity, often 90 to 95 percent 
sequence identity, and most commonly at least 99 percent 
sequence identity as compared to a reference sequence of a 
comparison WindoW of at least 25-50 nucleotides, Wherein 
the percentage of sequence identity is calculated by com 
paring the reference sequence to the polynucleotide 
sequence Which may include deletions or additions Which 
total 20 percent or less of the reference sequence over the 
WindoW of comparison. 

[0149] As knoWn in the art “similarity” betWeen tWo 
enZymes is determined by comparing the amino acid 
sequence and its conserved amino acid substitutes of one 
enZyme to the sequence of a second enZyme. Similarity may 
be determined by procedures Which are Well-knoWn in the 
art, for eXample, a BLAST program (Basic Local Alignment 
Search Tool at the National Center for Biological Informa 

tion). 
[0150] As used herein, the term “single-chain antibody” 
refers to a polypeptide comprising a VH domain and a VL 
domain in polypeptide linkage, generally linked via a spacer 
peptide (e.g., [Gly-Gly-Gly-Gly-Ser]X), and Which may 
comprise additional amino acid sequences at the amino 
and/or carboXy-termini. For eXample, a single-chain anti 
body may comprise a tether segment for linking to the 
encoding polynucleotide. As an eXample, a scFv is a single 
chain antibody. Single-chain antibodies are generally pro 
teins consisting of one or more polypeptide segments of at 
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least 10 contiguous amino substantially encoded by genes of 
the immunoglobulin superfamily (e.g., see Williams and 
Barclay, 1989, pp. 361-368, Which is incorporated herein by 
reference), most frequently encoded by a rodent, non-human 
primate, avian, porcine bovine, ovine, goat, or human heavy 
chain or light chain gene sequence. Afunctional single-chain 
antibody generally contains a suf?cient portion of an immu 
noglobulin superfamily gene product so as to retain the 
property of binding to a speci?c target molecule, typically a 
receptor or antigen (epitope). 

[0151] The members of a pair of molecules (e.g., an 
antibody-antigen pair or a nucleic acid pair) are said to 
“speci?cally bind” to each other if they bind to each other 
With greater af?nity than to other, non-speci?c molecules. 
For eXample, an antibody raised against an antigen to Which 
it binds more ef?ciently than to a non-speci?c protein can be 
described as speci?cally binding to the antigen. (Similarly, 
a nucleic acid probe can be described as speci?cally binding 
to a nucleic acid target if it forms a speci?c dupleX With the 
target by base pairing interactions (see above).) 

[0152] “Speci?c hybridization” is de?ned herein as the 
formation of hybrids betWeen a ?rst polynucleotide and a 
second polynucleotide (e.g., a polynucleotide having a dis 
tinct but substantially identical sequence to the ?rst poly 
nucleotide), Wherein substantially unrelated polynucleotide 
sequences do not form hybrids in the mixture. 

[0153] The term “speci?c polynucleotide” means a poly 
nucleotide having certain end points and having a certain 
nucleic acid sequence. TWo polynucleotides Wherein one 
polynucleotide has the identical sequence as a portion of the 
second polynucleotide but different ends comprises tWo 
different speci?c polynucleotides. 

[0154] “Stringent hybridiZation conditions” means 
hybridiZation Will occur only if there is at least 90% identity, 
preferably at least 95% identity and most preferably at least 
97% identity betWeen the sequences. See Sambrook et al, 
1989, Which is hereby incorporated by reference in its 
entirety. 

[0155] Also included in the invention are polypeptides 
having sequences that are “substantially identical” to the 
sequence of a phytase polypeptide, such as one of SEQ ID 
1. A “substantially identical” amino acid sequence is a 
sequence that differs from a reference sequence only by 
conservative amino acid substitutions, for eXample, substi 
tutions of one amino acid for another of the same class (e.g., 
substitution of one hydrophobic amino acid, such as; iso 
leucine, valine, leucine, or methionine, for another, or sub 
stitution of one polar amino acid for another, such as 
substitution of arginine for lysine, glutamic acid for aspartic 
acid, or glutamine for asparagine). 

[0156] Additionally a “substantially identical” amino acid 
sequence is a sequence that differs from a reference 
sequence or by one or more non-conservative substitutions, 
deletions, or insertions, particularly When such a substitution 
occurs at a site that is not the active site the molecule, and 
provided that the polypeptide essentially retains its behav 
ioural properties. For eXample, one or more amino acids can 
be deleted from a phytase polypeptide, resulting in modi? 
cation of the structure of the polypeptide, Without signi? 
cantly altering its biological activity. For eXample, amino- or 
carboXyl-terminal amino acids that are not required for 
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phytase biological activity can be removed. Such modi?ca 
tions can result in the development of smaller active phytase 
polypeptides. 

[0157] The present invention provides a “substantially 
pure enzyme”. The term “substantially pure enZyme” is used 
herein to describe a molecule, such as a polypeptide (e.g., a 
phytase polypeptide, or a fragment thereof) that is substan 
tially free of other proteins, lipids, carbohydrates, nucleic 
acids, and other biological materials With Which it is natu 
rally associated. For eXample, a substantially pure molecule, 
such as a polypeptide, can be at least 60%, by dry Weight, 
the molecule of interest. The purity of the polypeptides can 
be determined using standard methods including, e.g., poly 
acrylamide gel electrophoresis (e.g., SDS-PAGE), column 
chromatography (e.g., high performance liquid chromatog 
raphy (HPLC)), and amino-terminal amino acid sequence 
analysis. 

[0158] As used herein, “substantially pure” means an 
object species is the predominant species present (i.e., on a 
molar basis it is more abundant than any other individual 
macromolecular species in the composition), and preferably 
substantially puri?ed fraction is a composition Wherein the 
object species comprises at least about 50 percent (on a 
molar basis) of all macromolecular species present. Gener 
ally, a substantially pure composition Will comprise more 
than about 80 to 90 percent of all macromolecular species 
present in the composition. Most preferably, the object 
species is puri?ed to essential homogeneity (contaminant 
species cannot be detected in the composition by conven 
tional detection methods) Wherein the composition consists 
essentially of a single macromolecular species. Solvent 
species, small molecules (<500 Daltons), and elemental ion 
species are not considered macromolecular species. 

[0159] As used herein, the term “variable segment” refers 
to a portion of a nascent peptide Which comprises a random, 
pseudorandom, or de?ned kernal sequence. A variable seg 
ment” refers to a portion of a nascent peptide Which com 
prises a random pseudorandom, or de?ned kernal sequence. 
Avariable segment can comprise both variant and invariant 
residue positions, and the degree of residue variation at a 
variant residue position may be limited: both options are 
selected at the discretion of the practitioner. Typically, 
variable segments are about 5 to 20 amino acid residues in 
length (e.g., 8 to 10), although variable segments may be 
longer and may comprise antibody portions or receptor 
proteins, such as an antibody fragment, a nucleic acid 
binding protein, a receptor protein, and the like. 

[0160] The term “Wild-type” means that the polynucle 
otide does not comprise any mutations. A “Wild type” 
protein means that the protein Will be active at a level of 
activity found in nature and Will comprise the amino acid 
sequence found in nature. 

[0161] The term “Working”, as in “Working sample”, for 
eXample, is simply a sample With Which one is Working. 
Likewise, a “Working molecule”, for eXample is a molecule 
With Which one is Working. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0162] The invention described herein is directed to the 
use of repeated cycles of reductive reassortment, recombi 
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nation and selection Which alloW for the directed molecular 
evolution of highly compleX linear sequences, such as DNA, 
RNA or proteins through recombination. 

[0163] In vivo shuf?ing of molecules can be performed 
utiliZing the natural property of cells to recombine multim 
ers. While recombination in vivo has provided the major 
natural route to molecular diversity, genetic recombination 
remains a relatively complex process that involves 1) the 
recognition of homologies; 2) strand cleavage, strand inva 
sion, and metabolic steps leading to the production of 
recombinant chiasma; and ?nally 3) the resolution of chi 
asma into discrete recombined molecules. The formation of 
the chiasma requires the recognition of homologous 
sequences. 

[0164] In a preferred embodiment, the invention relates to 
a method for producing a hybrid polynucleotide from at least 
a ?rst polynucleotide and a second polynucleotide. The 
present invention can be used to produce a hybrid poly 
nucleotide by introducing at least a ?rst polynucleotide and 
a second polynucleotide Which share at least one region of 
partial sequence homology into a suitable host cell. The 
regions of partial sequence homology promote processes 
Which result in sequence reorganiZation producing a hybrid 
polynucleotide. The term “hybrid polynucleotide”, as used 
herein, is any nucleotide sequence Which results from the 
method of the present invention and contains sequence from 
at least tWo original polynucleotide sequences. Such hybrid 
polynucleotides can result from intermolecular recombina 
tion events Which promote sequence integration betWeen 
DNA molecules. In addition, such hybrid polynucleotides 
can result from intramolecular reductive reassortment pro 
cesses Which utiliZe repeated sequences to alter a nucleotide 
sequence Within a DNA molecule. 

[0165] The invention provides a means for generating 
hybrid polynucleotides Which may encode biologically 
active hybrid polypeptides. In one aspect, the original poly 
nucleotides encode biologically active polypeptides. The 
method of the invention produces neW hybrid polypeptides 
by utiliZing cellular processes Which integrate the sequence 
of the original polynucleotides such that the resulting hybrid 
polynucleotide encodes a polypeptide demonstrating activi 
ties derived from the original biologically active polypep 
tides. For eXample, the original polynucleotides may encode 
a particular enZyme from different microorganisms. An 
enZyme encoded by a ?rst polynucleotide from one organ 
ism may, for eXample, function effectively under a particular 
environmental condition, eg high salinity. An enZyme 
encoded by a second polynucleotide from a different organ 
ism may function effectively under a different environmental 
condition, such as extremely high temperatures. A hybrid 
polynucleotide containing sequences from the ?rst and sec 
ond original polynucleotides may encode an enZyme Which 
eXhibits characteristics of both enZymes encoded by the 
original polynucleotides. Thus, the enZyme encoded by the 
hybrid polynucleotide may function effectively under envi 
ronmental conditions shared by each of the enZymes 
encoded by the ?rst and second polynucleotides, e.g., high 
salinity and eXtreme temperatures. 

[0166] EnZymes encoded by the original polynucleotides 
of the invention include, but are not limited to; oXidoreduc 
tases, transferases, hydrolases, lyases, isomerases and 
ligases. A hybrid polypeptide resulting from the method of 






































































































































































































